Abstract: In this paper main focus is given on alternative ways of thermal load
I. Introduction
Composites are a combination of two or more materials to form a new material that contains the best features of each constituent, so as to optimize certain parameters like strength, stiffness, toughness, fatigue, corrosion resistance, temperature dependent behavior, Thermal insulation, Thermal conductivity, acoustical insulation, etc. Due to their light weight and ease of fabrication, glass and carbon fiber composites are extensively used in plates and shells encountered in aerospace application. Fiber composites are also used in buildings, bridges, aircraft wings, rocket staging, fuselages, hull of ships, automobile bodies, etc.
This paper presents the study of investigation of new thermal profiles along the thickness of simply supported laminated composite plates. The deflections and stresses in the composite laminated plate under Thermal loading using First Order Shear Deformation Theory (FOST) for ten thermal profiles along thickness are evaluated analytically. In this paper main focus is given on analysis of transverse shear displacement for ten thermal profiles because this parameter is highly responsible for delimitation of laminated composite plates in case of thermal loads.
II. First Order Shear Deformation Theory (FOST)
Although different single layer, high order theories has been developed to improve stress distributions due to thermal loads, it remains the fact that none of the theories can give good inter laminar stresses. Further, they cannot be used to model delimitations in composite laminates. It is observed that each theory is having its limitations and constraints, but among the Shear Deformation Plate Theories, the First Order Theory seems to provide the best compromise between accuracy and computational efficiency.
Earlier research based on First Order Shear Deformation Theory (FOST) considered in Reissner [1] and Mindlin [2] for solutions to include the thermal effects on laminates. About four decades ago Pagano [3] forecasted Exact solution for composite laminated in cylindrical bending and given basic results in material science which are very helpful for today's research. Kant and Khare [4] developed a simple C o iso-parametric Finite Element (FE) displacement model based on HOST formulations for the analysis of symmetric and asymmetric laminates subjected to thermal gradient. Tungikar and Rao [5] obtained 3D elasticity solution for temperature distribution and thermal stresses in simply supported rectangular laminates. The actual temperature distribution across the thickness of the laminate is evaluated by solving the Ordinary Differential Equations (ODEs) of heat conduction without internal heat generation. The actual profile also satisfies the interface heat flux continuity. Bhaskar et al. [6] developed 3D elasticity solution for laminates under cylindrical and bi-directional bending by assuming linear variation of thermal profile through the thickness of the symmetric laminate. Rower et al. [7] removed deficiencies in the FOST by incorporating third and fifth order displacement approximations through the plate thickness. 3D elasticity solution can estimate the correct results of the thermally induced quantities like displacements and stresses. Kant and Swaminathan [8] presented simplified formulations through the paper Analytical solutions for static analysis of laminated composite and sandwich plates based on a higher order refined theory and suggested First Order Shear Deformation Theory as a special case with its importance. DOI: 10.9790/1684-1401055669 www.iosrjournals.org 57 | Page Matsunaga [9] computed inter laminar stresses as well as displacements in laminated composites. Kapuria et al [10] assessed Higher Order Zig-Zag (HZIGT) model along with exact, Zig-Zag (ZIGT) and Third Order Theory (TOT) models for composite laminates subjected various thermal profiles across the thickness. Kant et al [11] developed semi-analytical solution for constant and linear temperature variation through the thickness of a laminate for composites and sandwiches. Matsunaga [12] obtained a Two-Dimensional (2D) Higher Order Deformation Theory for the evaluation of displacements and stresses in functionally graded (FG) plates subjected to thermal and mechanical loadings. Kant and Shiyekar [13] developed higher order theory for composite laminates subjected to thermal gradient using (HOSNT12) model.
III. First Order Shear Deformation Formulation
Analytical formulation is presented using First Order Shear Deformation Theory (FOST) for a laminate simply supported on all the sides. Effect of transverse shear is neglected considering aim to propose different thermal loads. Fig. 1 represents the geometry of the general laminated composite plate. The geometry of the laminate is such that the sides 'a' is along 'x' axis, 'b' is on 'y' axis and thickness of the laminate is denoted by 'h' is coinciding with 'z' axis. The reference mid-plane of the laminate is at h/2 from top or bottom surface of the laminate. The lamina reference axes system is also in the figure with fiber direction. The formulation is assuming fiber direction of the single layered lamina is coinciding with 'x' axis of the laminate. This figure also explains positive set of displacements along (x-y-z) axes, sample thermal profile orientation through the thickness for constant and linear thermal profile. Table 1 explores the mathematical representation of all 10 thermal profiles through the thickness of laminated composite plates. The graphical representation of these profiles is shown in Fig. 2 . All thermal profiles are functions of (x, y, z). Variation in x and y is sinusoidal whereas T (z) is thermal profile, which is a function of z coordinate. Extremities of thermal loading having maximum and minimum amplitude are expressed in terms of z/h ratio in between -0.5 to + 0.5. In all totals there are 4 sets of thermal load applied having different amplitudes in each set of loading. First set contains 3 profiles, namely thermal profile 1, 2 and 3 having abbreviations TP 1 , TP 2 and TP 3 respectively. Thermal profile 1, is linear may be called as gradient along the thickness in z direction which is straight through the thickness of the plate. Thermal profiles 2 and 3 are cubic parabola and sinusoidal. Set 2 is having total 3 profiles, namely TP 4 (Gradient linear), TP 5 (Parabolic degree 3) and TP 6 (Parabolic degree 2). Set 3 having 3, thermal profiles TP 7 , TP 8 , TP 9 and Set 4 having only single profile TP 10 
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 are normal strains with respect to plate axes x, y. xy  is in plane shear strain in x-y plane. as displacement in z direction assumed to be constant.
Stress -Strain relations
Each lamina in the laminate is assumed to be in a three dimensional stress state so that the constitutive relation for a typical lamina L with reference to the fiber-matrix coordinate axes (1-2-3) can be written as 
Where ( 
Stress resultants
The state of stress in a plate will be two-dimensional. In Cartesian coordinates, the state of stress may be identified as normal stresses and shear stresses. Since these moments are resultant of the stresses developed on the plate, these are called stress resultants and forces per unit length of the plate. 
Elastic stress resultants at L th layer in analytical solution
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3.4.3
Final stress resultants at L th layer in analytical solution
Governing equations of equilibrium and boundary conditions
For obtaining governing equations use the principle work, following equations of equilibrium are obtained with appropriate boundary conditions
Here, U = total strain energy due to deformation, the V= potential of the external loads, U+V=  which is the total potential energy.  = variational symbol. Putting the energy expressed in the above equation, the final expression is written as
We get the following equations of equilibrium, The thermal load is expressed as doubly sinusoidal loading on top of the laminate as. 
Study on Transverse Displacement in Composite Laminated
Where [] X =Stiffness matrix of order 5x5,  = Amplitudes of displacements of order 5x1, {} q =Mechanical load vector of order 5x1 and {} F T =Thermal load vector of order 5x1 respectively given as,
The elements of the coefficient matrix and Thermal load coefficient matrix {} F T are calculated using computer programming. 5 [] Table 2 .
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Example 1
A simply supported square isotropic plate is analyzed for 10 different thermal loading profiles as mentioned in E1=150 GPa, E2 = 10 GPa, G12=5 GPa, G13=5 GPa, G23=3.378 GPa,   =  = =0.3,
1. Table 3 shows that as aspect ratio increases i.e. for thin plate FOST gives good agreement with TP 1 (Gradient load). Results are validated (especially for thin plates) for transverse displacements hence new results prepared for thermal profiles 2 to 10. S= a/h -Aspect Ratio, % Error in w = {(TP 1 -Matsunaga [12] ) / Matsunaga [12] } ×100
Example 2
A discussion on the numerical study of single layer 0 0 orthotropic plate under 10 thermal loading using First Order Shear Deformation Theory (FOST) is presented. Results are compared with Kant et al [11] with gradient thermal profile1. As a part of presentation, % error in transverse displacement () w with TP 1 is represented in Table 4 . Fig. 4 shows variation of normalized variation of transverse displacement () w across the thickness of the laminate for aspect ratio (a/h = 50). It is clear from the graph that the transverse displacement () w is constant over the thickness for all profiles. Thermal profile 3 having maximum transverse displacement and thermal profiles in Set 3 and Set 4 having zero transverse displacement. Table 4 shows that as aspect ratio increases i.e. for thin plate FOST gives good agreement with TP 1 (Gradient load). Results are validated (especially for thin plates) for transverse displacements hence new results prepared for thermal profiles 2 to 10. [11] ) / Kant et al. [11] } x100.
Example 3
A simply supported square unsymmetric (0 0 /90 0 ) laminate under bi-directional bending subjected to gradient thermal loading (TP 1 ) as well as thermal profiles 2 to 10 is analysed and results are compared with 3D DOI: 10.9790/1684-1401055669 www.iosrjournals.org 65 | Page elasticity solution [3] . Fig. 5 shows variation of normalized variation of transverse displacement () w across the thickness of the laminate for aspect ratio 50. It is clear from the graph that the transverse displacement () w is constant over the thickness. Table 5 shows that as aspect ratio increases i.e. for thin plate FOST gives good agreement with TP 1 (Gradient load). Results are validated (especially for thin plates) for transverse displacements hence new results prepared for thermal profiles 2 to 10. TP2  TP3  TP4  TP5  TP6  TP7  TP8  TP9  TP10  2 - S= a/h -Aspect Ratio, [ ] % Error = {(TP 1 -Pagano [3] ) / Pagano [3] }) x 100 Table 6 for different aspect ratios. Results are compared with 3D elasticity solution given in [6] for very thick (a/h = 2) to thin (a/h = 100) laminates and are in good agreement with elasticity solution. Table 6 shows that as aspect ratio increases i.e. for thin plate FOST gives good agreement with TP 1 (Gradient load). Results are validated (especially for thin plates) for transverse displacements hence new results prepared for thermal profiles 2 to 10. Variations of the transverse displacements over the thickness of the laminates are expressed in the Fig. 6 for aspect ratio 50. It is clear from the graph that the transverse displacement () w is constant over the thickness. S= a/h -Aspect Ratio, [ ] % Error = {(TP 1 -Bhaskar [6] ) / Bhaskar [6] } x100 Table 7 for different aspect ratios. Results are compared with solution given in [10] for very thick (a/h = 2) to thin (a/h = 100) laminates and are in good agreement with solution especially for TP 1 . In case of transverse displacement w , error varies from -43.40%
for aspect ratio 5 and as a/h ratio increases, error decreases which becomes -7.03 % for aspect ratio 20 at top of plate. Results are validated (especially for thin plates) for transverse displacements hence new results are prepared for thermal profiles 2 to 10. Variations of the transverse displacements over the thickness of the laminates are expressed in the Fig. 7 for aspect ratio 50. It is clear from the graph that the transverse displacement () w is constant over the thickness. [10] TP1 TP2  TP3  TP4  TP5  TP6  TP7  2 -------- [10] ) / Kapuria [10] } x100
Example 6
A simply supported rectangular (b/a = 2) symmetric (0 0 /90 0 /90 0 /0 0 ) laminated plate under bi-directional bending subjected to linear thermal profile as well as thermal profiles 2 to 10 is analysed using FOST.
Normalized results for transverse displacements ( w ) are tabulated in Table 8 for different aspect ratios. Results are compared with solution given in [10] for very thick (a/h = 2) to thin (a/h = 100) laminates and are in good TP1  TP2  TP3  TP4  TP5  TP6  TP7  TP8  TP9  TP10 z/h [10] ) / Kapuria [10] TP1  TP2  TP3  TP4  TP5  TP6  TP7  TP8  TP9  TP10 z/h Normalized results for transverse displacements ( w ) are tabulated in Table 9 for different aspect ratios. Results are compared with solution given in [10] for very thick (a/h = 2) to thin (a/h = 100) laminates and are in good agreement with solution especially for TP 1 . In case of transverse displacement w , error varies from -45.88% for aspect ratio 5 and as a/h ratio increases, error decreases which becomes -5.371 % for aspect ratio 20 at top of plate. Results are validated (especially for thin plates) for transverse displacements hence new results are prepared for thermal profiles 2 to 10. Set 3 and Set 4 having zero transverse displacement. Variations of the transverse displacements over the thickness of the laminates are expressed in the Fig. 9 for aspect ratio 50.
It is clear from the graph that the transverse displacement () w is constant over the thickness. [10] TP1 TP2  TP3  TP4  TP5  TP6  2 ----------- S= a/h -Aspect Ratio, [ ] % Error = {(TP 1 -Kapuria [10] ) / Kapuria [10] } x100
V. Conclusion
First Order Shear Deformation Theory (FOST) is presented for thermal stress analysis of isotropic plate and composite laminates. Present theory accounts for thermal expansion coefficient in the transverse normal direction. Thermal loading with ten different orientations are considered along thickness direction is considered over the cross-ply laminates. The present FOST is assessed by comparison with the 3D exact and other 2D models. FOST provide good results only in case of very thin laminates with aspect ratio (S) more than 40. It is clear from the comparisons, that the performance of present FOST is good in the estimation of global as well as local quantities of laminates subjected to thermal gradient as well as profile 2 to 10 for almost all aspect ratios.
Following conclusions are drawn based on the results obtained and as discussed above. The pattern of all the results is almost found very parallel for all above considered plates.
